Lysogenization of nonlysogenic strains of Staphylococcus aureus was performed with two different bacteriophages, LS1 and LS2, that were unable to plaque on any of the strains ofS. aureus tested. Infection of recipient strains was achieved when protoplasts were inoculated with LS1 or LS2 or when bacterial cultures were simultaneously inoculated with a virulent phage together with LS1 or LS2. Lysogenization was demonstrated by changes in phenotypic characters of the host strain and by liberation of bacteriophages from the modified strains as shown by electron microscopic examination. The lysogenic strains differed from the host strains by the following characters: they were coagulase, deoxyribonuclease, and lipase negative; they were untypable by the basic set of phages; they did not ferment mannitol under anaerobic conditions; and they produced only >-(+)-lactic acid by glucose fermentation. Their cell walls contained less glycine and concomitantly more serine than those of the host strains. Furthermore, they were devoid of protein A. Conversely, some antigenic factors as well as the presence of ribitol in the cell wall teichoic acid, indicated a parental relationship between the host strains and the derived lysogenic ones. Phages LS1 and LS2 could be excluded from the lysogenic strains by invading phages, and the revertant nonlysogenic strains recovered all of the characteristics of the initial host strains. It was thus concluded that the phenomenon described was due to lysogenic conversion. The origin of phages LS1 and LS2 is discussed.
Lysogenization of nonlysogenic strains of Staphylococcus aureus was performed with two different bacteriophages, LS1 and LS2, that were unable to plaque on any of the strains ofS. aureus tested. Infection of recipient strains was achieved when protoplasts were inoculated with LS1 or LS2 or when bacterial cultures were simultaneously inoculated with a virulent phage together with LS1 or LS2. Lysogenization was demonstrated by changes in phenotypic characters of the host strain and by liberation of bacteriophages from the modified strains as shown by electron microscopic examination. The lysogenic strains differed from the host strains by the following characters: they were coagulase, deoxyribonuclease, and lipase negative; they were untypable by the basic set of phages; they did not ferment mannitol under anaerobic conditions; and they produced only >-(+)-lactic acid by glucose fermentation. Their cell walls contained less glycine and concomitantly more serine than those of the host strains. Furthermore, they were devoid of protein A. Conversely, some antigenic factors as well as the presence of ribitol in the cell wall teichoic acid, indicated a parental relationship between the host strains and the derived lysogenic ones. Phages LS1 and LS2 could be excluded from the lysogenic strains by invading phages, and the revertant nonlysogenic strains recovered all of the characteristics of the initial host strains. It was thus concluded that the phenomenon described was due to lysogenic conversion. The origin of phages LS1 and LS2 is discussed.
Lysogenic conversion in Staphylococcus aureus strains can result in either loss or acquisition of phenotypic characters. The conversion of lipase-positive strains to lipase-negative strains has been reported by different authors (30, 31) . We previously described the lysogenic conversion of lipase-positive S. pyogenes (aureus) strains (tested on egg yolk-containing medium) to lipase-negative strains mediated by several phages of different morphology (13) . Lysogenic conversion of toxigenic characters was also achieved. de Waart et al. (7) described the conversion of beta-hemolysin, Clecner and Sonea (4) described that of gamma-hemolysin, and Dobardzig and Sonea (9) described that of alpha-, beta-, and gamma-hemolysins, as well as that of fibrinolysin. Lysogenic conversions of antibiotic resistances were also performed. Clynes and Dunican (Biochem. J. 119:26p, 1970) found a phage-plasmid hybrid that behaves as a phage and can convert recipient antibiotic-sensitive strains to lysogenic antibiotic-resistant strains. The simultaneous lysogenic conversion of coagulase, of phosphatase, of lecithinase, and of pathogenicity was carried out by Dulong de Rosnay and Desnues (10) with phages 75 and 47 of the basic set. Conversely, Jollick (19) showed that the loss of a prophage from an S. aureus strain involved the simultaneous loss of the coagulase character, the sensitivity to certain phages, and the resistance to penicillin, tetracycline, and streptomycin.
In a study of the lysogenic conversion of lipase in strains of S. aureus (13) , Duval-Iflah isolated a mutant of typing phage 54. Among the bacteria surviving lysis by this mutant, there appeared strains with characteristics quite different from those of the parental, sensitive strain, since they were lipase, coagulase, and deoxyribonuclease negative; they did not ferment mannitol under anaerobic conditions and were untypable with the typing phages.
The aim of this work was to determine whether these peculiar strains originated from the parental strain by lysogenization and whether all the new properties observed were due to lysogenic conversion.
MATERIALS AND METHODS
Staphylococcal strains. The staphylococcal strains used are listed in Table 1 . Strain A(LA) and its variant, strain A, cured of the lysogenizing phage LA, were previously named 39x35 and 39x35C, respectively (14) . Strain Ar is a rifampinresistant mutant obtained by culturing strain A on agar medium containing 100 Ag of rifampin per ml. Strains A and Ar were demonstrated to be free from any inducible prophage (14) , since after ultraviolet irradiation they did not liberate any inducible phage that could be detected by electron microscopy. Strain PS54, the propagating strain of group III typing phage 54, was described previously (13) . It is lysogenic and harbors two prophages, L54a and L54b. All of these strains produce coagulase and deoxyribonuclease (DNase), and are of the group III phage type. Strain PS54 does not hydrolyze egg yolk, whereas the other strains do so. Strains S1(LS1) and S2(LS2) were isolated from a bacterial culture of strain A infected with a mutant of typing phage 54, designated 54M. They lack the ability to produce lipase, coagulase, and DNase, they are untypable with the typing phages, and they are lysogenic for phages LS1 and LS2, respectively. The staphylococcal strains used in the progagation of the basic set of the typing phages, as well as strain CCM 883 ofS. epidermidis, were provided by M. Plommet Fig. 2 and 3 ). The phage titer of the induced bacterial broth culture was estimated to be 109 particles per ml by comparison with a suspension of infective phages examined under the same conditions by electron microscopy. The basic set of the typing phages was provided by Plommet (Fig. 2 ) and ofphage LS2 (Fig. 3 ), which were isolated from strains S1(LS1) and S2(LS2), respectively, after induction with mitomycin C. x120,000.
Media. Difco tryptic soy broth and tryptic soy agar were used for growth of cultures. Difco nutrient broth, supplemented with NaCl (5 g/liter) and adjusted to pH 7.2, was used in the propagation, induction, and assay of phages. Nutrient agar and nutrient broth medium with 1% agar were used as bottom agar and soft agar, respectively, in the assays for phages. Difco blood agar base medium, supplemented with 5% (vol/vol) egg yolk, prepared by the method of Dickinson et al. (8) , was used for the demonstration of lipase activity: strains with lipase activity yielded irregularly edged colonies sur-LYSOGENIZATION OF NONLYSOGENIC S. AUREUS 1285 rounded by a zone of precipitation and were designated egg yolk-positive (EYP) strains, whereas strains devoid of lipase activity gave rise to smooth, regular colonies that did not alter the aspect of the medium and were designated egg yolk-negative (EYN) strains. Difco DNase medium was used in the assay for DNase (2) , and bromocresol purple medium was used for the fermentation of glucose and mannitol (35) . Rabbit plasma (Institut Pasteur, Paris, France) was used in the assay for coagulase. Agar medium with pig plasma (6) was used for isolating coagulase-producing strains on agar medium. Penicillin G (Specia, Paris, France) was used for the preparation of protoplasts; 500 IU/ml was added to exponentially growing cultures, and incubation at 37°C was resumed, with shaking, for 30 min. Bacteria were harvested, suspended in the same volume of tryptic soy broth, and used immediately in assays for lysogenization. Rifampin was kindly provided by the Laboratoire Lepetit, Seclin, France.
Lysogenicity. Strains to be tested for their lysogenic capacity were grown in nutrient broth for 16 h and spotted onto soft-agar medium previously dried for 30 min at 37°C. They were irradiated with an ultraviolet lamp (General Electric no. G8T5) at a distance of 50 cm for 30 s to induce phage production. The homologous phage-sensitive strain was spotted on the corresponding drops previously applied. The appearance of plaques indicated the presence of lysogenizing phage.
Demonstration of lysogenizing phage that did not plaque on any indicator strain was carried out as follows. Bacterial cultures to be tested were treated with an inducing dose of 2 ,tg of mitomycin C (Sigma Chemical Co.) by the method of Lacey (22) . When a strain was lysogenic, lysis generally occurred. The supernatant fluid was examined by electron microscopy to show the presence of phage particles.
Lysogenization. The recipient strains used in all of the lysogenization assays were A and Ar, both free from any inducible prophage. Bacterial cultures in the stationary phase or protoplast preparations were used for lysogenization.
Lysogenization with infective phages was described previously (13) . Lysogenized strains were isolated from the surviving bacteria. A strain was considered to have been lysogenized when it was immunized against the lysogenizing phage; liberated the lysogenizing phage, which, in turn, plaqued on the homologous sensitive strain; and showed no evidence of contaminating phage when the whole broth culture was spread on agar.
Lysogenization with phages that did not plaque on recipient strains was carried out as follows. The recipient strain was mixed with phage suspension at a multiplicity of infection of 10 in nutrient broth containing 0.04 M Ca2+. The bacteria-phage mixture was incubated, with shaking, at 37°C for 30 min and at 30°C for 3 days. Bacteria were harvested, washed twice by centrifugation, and suspended in nutrient broth containing 10-2 M sodium citrate. Appropriate dilutions were plated on egg yolk-blood agar base medium for the egg yolk reaction. Both EYN and EYP colonies may appear. Subcultures of EYN and EYP strains were tested for lysogenicity, phage typing pattern, and other biochemical characters. They were also tested for induction with mitomycin C and the presence of lysogenizing phage by electron microscopy examination. A strain that liberated phage particles was considered to have been lysogenized, since the recipient strain was demonstrated to be free from any inducible prophage.
Preparation of antisera. Antisera were prepared in white rabbits. Each animal was injected in the footpads. Eight days later a booster injection was given subcutaneously followed after 3 weeks by three intravenous injections at 3-day intervals. Rabbits were bled 10 days after the last injection, and the sera were stored at -20°C. Antisera were assayed by the Ouchterlony (27) double-immunodiffusion technique in agar gel plates (0.8 g of Difco purified agar in 100 ml of a 0.02% sodium azide solution). The material for intradermal injections was composed of 0.25 ml of the antigen preparation mixed with 0.25 ml of complete Freund adjuvant. The material for intravenous injections consisted of 0.25 ml of the antigen preparation mixed with 0.25 ml of 1% ammonium alum solution. The antigen preparation was obtained as follows. Bacteria from a 18-h-old culture in tryptic soy broth were sedimented, washed twice, and suspended in 0.15 M phosphate buffer, pH 7.2 (3.5 ml of buffer per g of bacteria). After heating for 10 min at 60°C, the cells were disrupted in the cold with glass beads in a Sorvall Omni-Mixer. The glass beads were discarded by centrifugation at 2,500 x g for 10 min. The supernatant fluid was the antigen preparation.
Cell walls. Cell walls were prepared by the method of Shaw et al. (34) . Quantitative analysis of the cell wall amino acids and hexosamines was carried out as previously described (23) . The phosphorus content of the cell wall was determined by the technique of De Siervo (5). Detection of ribitol or glycerol in cell walls was carried out by the method of Wolin et al. (39) . Cell walls (0.5 mg) were extracted in 0.3 ml of 2 N HCl for 24 h at 20°C. After centrifugation, the supernatant fluids were hydrolyzed for 3 h at 100°C and then evaporated to dryness over KOH pellets. The residues, as well as samples of ribitol and glycerol, were chromatographed on Whatman no. 1 filter paper in butanol-ethanol-water-concentrated ammonia (40:10:49:1, organic phase) by the method of Foster et al. (16) . Polyois were detected either by the periodate-benzidine technique (17) or by silver nitrate treatment (37) . Protein A was determined by a radial immunodiffusion method and by hemagglutination according to Lind (24) .
Extraction and base composition of the bacterial DNA. Cells from 200 (38) . Its buoyant density was measured by analytical ultracentrifugation (18) . The base composition of the DNA, expressed as moles percent guanine plus cytosine (G+C) is linearly related to its buoyant density. The G+C content was determined by the method of Schildkraut et al. (33) .
Other methods. Methods of phage typing, phage propagation, and ultraviolet light induction of lysogenic strains, as well as examination with an electron microscope, were described previously (13) . Serotyping of the bacterial strains was accomplished by the method of Pillet et al. (28) ; hemolysin was determined with rabbit, human, and sheep erythrocytes (29) . The configuration of lactic acid resulting from the fermentation of glucose was determined enzymatically (36) . RESULTS
Lysogenization of strain A with phage 54M. A bacterial culture of strain A was mixed with phage 54M at a multiplicity of infection of 1. Heavy secondary growth developed 3 days after bacterial lysis had occurred. The secondary, growing culture was composed of EYN and EYP substrains, the former being in a 10-fold excess. It was found that EYP substrains were identical to recipient strain A, whereas EYN substrains were lysogenized strains that could be subdivided into three types according to their lysogenizing phage, their phage pattern, and their biochemical properties. Substrains of the first type, designated A(L54a), were found to harbor a phage that was able to suppress lipase activity by lysogenization. They acquired specific lysogenic immunity against phage L54a. The liberated phage had the same ultrastructure as phage L54a. They were of the group III phage type and had the same biochemical properties as strain A, except for the egg yolk reaction, which was converted by the lysogenizing phage. Spontaneous nonlysogenic substrains were selected on egg yolk medium as EYP clones that appeared as a subdominant population in cultures of strain A(L54a) and were found to be identical to the host strain A.
The remaining two types of EYN substrains were designated S1(LS1) and S2(LS2). They had biochemical properties quite different from those of strain A since they were phage untypable, were coagulase and DNase negative, and did not ferment mannitol under anaerobic conditions (Table 1) . Their respective lysogenizing phage, LS1 and LS2, were unable to plaque on any of the tested strains. They had polygonal heads but tails of different sizes; they belonged to group 1, section A and section B, according to Bradley (3) . None of the EYN strains was lysogenic for the phage substrain that was dominant in the stock of phage 54M and had an oval head and tails of varying sizes (Fig. 1) . This dominant substrain was purified and demonstrated to be a virulent phage, designated phage 54vir.
Therefore, it may be concluded that phage stock 54M contained a dominant population of virulent phage 54vir and a subdominant population composed of three different temperate phages, one being L54a, which had been shown to be a contaminant in stocks of typing phage 54 (13); the two other phages, designated LS1 and LS2, seemed to be responsible for lysogenic conversion of multiple characters.
Lysogenization of strains A and Ar with phages LS1 and LS2. Stationary-phase cultures and protoplast suspensions of the recipient strain A were inoculated with temperate phage LS1 alone or together with virulent phage 54vir. Phage LS1 was at a multiplicity of infection of 10, and phage 54vir was at a multiplicity of infection of 1. The egg yolk reaction of the substrains harvested after 3 days of incubation at 30°C is reported in bThe accuracy of plating on egg yolk-blood agar base medium is limited, since it is difficult to detect subdominant EYN substrains among dominant EYP substrains. The limit on petri dish was about 1 EYN colony per 103 EYP colonies.
on October 27, 2017 by guest http://jb.asm.org/ Downloaded from in each experiment. None of them was lysogenic for plaque-forming phages. All of the EYP substrains had characteristics identical to those of strain A, whereas the EYN substrains, designated A-1(LSi), had homogeneous characters completely different from those of strain A but identical to those of strain Sl(LS1) from which phage LS1 has been isolated. Twenty strains of each phenotype were tested for the presence of inducible prophages by electron microscopy. Only EYN strains liberated phages upon induction with mitomycin C. The liberated phages had the same ultrastructure as phage LS1.
Lysogenization of strain A with phage LS2 was carried out under the same conditions as for phage LS1. The EYN substrains, designated A-2(LS2), were found to harbor an inducible, non-plaque-forming phage that was morphologically identical to phage LS2. They had characteristics identical to those of strain S2(LS2) from which phage LS2 was isolated.
Lysogenization of strain Ar was carried out under the same conditions as for strain A. The lysogenic strains, designated Ar-1(LS1) and Ar-2(LS2), had characteristics identical to those of A-1(LS1) and A-2(LS2). Like these latter strains, Ar-l(LS1) and Ar-2(LS2) were also sensitive to rifampin, although they were derived from strain Ar, which was resistant to this antibiotic.
It was concluded that phages LS1 and LS2 infected and lysogenized recipient strains A and Ar under special conditions (experiments 2, 4, and 8, Table 2 ) and conferred to the lysogenic strains homogeneous characters similar to those of strains Si(LS1) and S2(LS2).
Curing of the lysogenic strains of prophages LS1 and LS2. Since temperate phages LS1 and LS2 seemed to induce pleiotropic changes in strain A by lysogenization, curing of the lysogenic strains of their prophages should give rise to substrains that have recovered the initial characteristics, such as the lipase and coagulase activities, of the host strain. Attempts to isolate spontaneous EYP derivatives or coagulase-positive revertants from strains lysogenic for phage LS1 or LS2 by plating on egg yolk-blood agar base medium or on pig plasma medium were unsuccessful. We also were unable to isolate such revertant strains after ultraviolet irradiation or mitomycin C treatment.
In contrast, we were able to isolate such revertants by an original method involving the phenomenon of superinfection. It was fortuitously observed that, when strains lysogenic for phage LS1 or LS2 were phage typed with the phages to which the host strain A was previously sensitive, no plaques of lysis appeared after 24 h of incubation at 30°C, indicating that the tested strains were insensitive to the typing phages. However, when incubation at 30°C was resumed for a longer time (3 to 5 days), very large colonies appeared at the site of the phage drop. These large colonies never appeared when the suspensions of phages were dropped on nutrient agar medium, indicating that they did not originate from bacterial contamination of the phages used. Therefore, it was assumed that large colonies originated from the bacterial cultures flooded on nutrient agar medium after superinfection with the typing phages. Several large colonies were picked from each phage drop site and purified several times by streaking on egg yolk-blood agar base medium. It was found that these colonies could be either EYN or EYP. About 200 purified substrains of EYN and EYP clones were submitted to further tests. It was found that substrains of either phenotype manifested coagulase and DNase activities and fermented mannitol under anaerobic conditions. They were phage typable with group III typing phages. These substrains were subdivided into four groups according to their egg yolk reaction and to their lysogenic character (Table 3) . Group a contained substrains that were EYP and not lysogenic, shown by the fact they manifested no specific lysogenic immunity and that there was no liberation of phages that could be observed by electron microscopy. The results indicated that strains belonging to group a recovered the characteristics of the corresponding host strains since A-1, A-2, Si, and S2 were identical to strain A, whereas strains Ar-1 and Ar-2 were identical to strain Ar. Groups b, c, and d were composed of substrains that were lysogenic, and the lysogenizing phage was demonstrated to be the phage present at the drop sites from which the substrains were isolated. We were able to show, for instance, that substrains isolated from the site of phage LA could be lysogenic and were immunized specifically against phage LA. Further investigations on the lysogenic strains and their corresponding cured revertants. The serotype, hemolysins, configuration of lactic acid produced from glucose, G+C content of the DNA, and chemical composition of the cell wall were investigated (Tables 4 and 5 ; Fig. 4 ) on a limited number of strains: strain A; and two lysogenic strains, A-1(LS1), as well as their corresponding substrains, A-1(54) and A-2, cured of LS1 and LS2, respectively. Some of these strains were also compared serologically by double immunodiffusion. The results indicated that phages LS1 and LS2 might also be responsible for changes in other properties of lysogenic strains A-l(LS1) and A-2(LS2): production of L-(+)-lactic acid (Table 4) ; suppression of production of protein A (Table 5) ; a higher molar ratio of serine and a concomitantly lower molar ratio of glycine in the cell wall (Table 5) ; and variable amounts of glucosamine [strain A-i(LS1) contained a high molar ratio of this component, whereas strain A- a Small amounts of other amino acids were also detected in the cell wall preparations from strains A, A-1(54), and A-2. Therefore, in these cases serine originates mostly from protein and not from peptidoglycan. In strains A-1(LS1) and A-2(LS2), the residual cell wall protein content is negligible, and serine originates presumably entirely from peptidoglycan.
b TR, Trace. (Table 5) ]. The hemolysins, as well as the G+C content of the DNA, were identical for the nonlysogenic strains A and A-2 and seemed to vary according to the lysogenizing phage in the remaining strains, A-l(LS1), A-2(LS2), and A-1(54) ( Table  4) . Some properties were common to both lysogenic and nonlysogenic strains: serotyping factor III and thermostable agglutinogen B were common to strains A, A-2(LS2), A-1(54) ( Table  4) ; the antigens responsible for two precipitin lines were common to strains A, A-2(LS2), and A-2 (Fig. 4) ; and the cell wall teichoic acid of all five strains tested contained ribitol (Table 5) .
DISCUSSION
The results reported in the present work show that the lysogenic conversion of multiple characters can be achieved by two different phages since strains A and Ar lysogenized with phage LS1 or LS2 simultaneously acquired properties that were identical to those of the strains from which these two phages originated, and, conversely, curing of the lysogenic strains of their prophages gave rise to revertants that recovered all the characteristics of host strains A and Ar.
The lysogenic strains might be classified as S. epidermidis if one considered only the routine tests such as coagulase, DNase, mannitol fermentation, phage sensitivity, and hemolysins. However, they could be distinguished from S. epidermidis by some antigenic factors and by the presence of ribitol and the absence of glycerol in cell wall teichoic acid. Conversely, these latter characters indicated a parental relationship between host strain A and the derived, lysogenic ones.
Demonstration of this lysogenic conversion presented some difficulties because of the inability of phages LS1 and LS2 to plaque on any of the strains of S. aureus tested. To overcome these difficulties, protoplasts of the recipient strains were used instead of growing cells, and stationary-phase cultures were infected simultaneously with virulent phage 54vir and with phage LS1 or LS2. Phage 54vir might alter the cell wall of the recipient strain by an enzymatic action and give rise to protoplast-like cells; it might also mediate a defective function of phages LS1 and LS2 by a complementation effect.
Another difficulty was that the lysogenic strains could not be cured easily of their prophage, since with selective media it was not possible to isolate revertants that recovered one or the other phenotypic character of the host strain, such as the egg yolk-hydrolyzing enzyme or coagulase. However, we succeeded in curing them by superinfection with phages to which the host strain was sensitive. The phenomenon of expulsion of the lysogenic phage and its substitution by invading phages was often observed in Staphylococcus (1, 26, 30, 32) . Previously, Duval-Iflah (12) described recombinants of phage L54a and phage LA (previously designated L39x35), which were able to expulse prophage LA or substitute for it in as much as 10% of bacteria surviving the invading phages. Two interesting features characterize the phenomenon of curing dealt with in the present work. First, several phages, not correlated with the lysogenizing ones, are able to expulse the lysogenizing phages or substitute for them. Secondly, the cured strains appeared as large colonies after a long incubation period. This was presumably due to differences in growth rates between the cured, coagulase-positive strains and the lysogenic, coagulase-negative strains seeded on the nutrient agar plates. The data indicated also that the invading phages infected the lysogenic strains, since we were able to isolate strains where the superinfecting phages substituted for the lysogenizing ones.
One may wonder how phages LS1 and LS2 came in the stock of phage 54M, which was demonstrated to have a dominant population of the virulent phage, 54vir. The data showed that the stock of phage 54M also contained phage L54a as a subdominant population. This phage originated from the propagating strain of typing phage 54 and is a usual contaminant of this phage (13) . It was demonstrated previously (12) that typing phage 54 recombined at a high frequency with phage L54a. The assumption is, therefore, that phages LS1 and LS2 might be recombinants of virulent phage 54vir and phage L54a or L54b. Demonstration of this hypothesis is in progress.
The lysogenic conversion of multiple characters dealt with in the present work raises once more the phenomenon of pleiotropism in staphylococci. Our findings corroborate those of other authors. Korman (20) isolated coagulase-negative mutants that had acquired resistance to phages. The cell wall of these mutants contained significantly higher amounts of serine and concomitantly less glycine than that of the S. aureus parental strain (21) . The same variations were observed in strains lysogenic for LS1 or LS2. Forsgren et al. (15) described protein Adeficient mutants that resemble the strains lysogenic for LS1 or LS2, since they had simultaneously lost several traits such as the production of DNase and coagulase and the ability to metabolize mannitol. These mutants were also untypable by the basic set of phages. Some authors (25, 40) postulated that these mutations exert a repression of a regulatory locus, which is subject to a coordinate induction. We have not investigated the mechanism of action of the converting phages LS1 and LS2; however, one may speculate that they act directly or indirectly at the same sites that are affected by the pleiotropic mutations. If this was the case, one has to assume that the expression of the resistance to rifampin depends on the same regulatory locus as all of the other characters that are modified. Another alternative is that the lysogenizing phages might induce marked changes in permeability of the lysogenic cells. These changes could affect the availability of periplasmic enzymes to the external environment.
